Milk products such as cheeses may be contaminated by aflatoxin M1 when manufactured with milk from dairy cattle that have consumed aflatoxin Bl-contaminated feeds. The usefulness of immunoaffinity columns to determine aflatoxin M1 content in many kinds of cheeses with very good recoveries is demonstrated. The analysis of aflatoxin Mj in a 1990 to 1995 limited survey in France shows that the occurrence of this mycotoxin in cheeses is rather infrequent. With the exception of samples from 1989 to 1990 when aflatoxin B)-contaminated maize meals were incidentally imported to supplement dairy cattle feed, very few samples were found with above 0.200 f.lgof aflatoxin M1 per kg of cheese, the maximum acceptable level.
Aflatoxin M1 (AFM1) is the main aflatoxin B] metabolite found in the milk of lactating animals that have ingested contaminated feed. AFM 1 was recently placed into group 2B as "an agent possibly carcinogenic to humans" by !ARC (4).
Since AFM] is known to be stable throughout the manufacture of dairy products, the monitoring of AFM] contents need to be enhanced. It is noteworthy that during cheese processing the binding of AFMj with casein may result in a concentration of this toxin (by two-to fivefold) in the manufactured products (11) .
France produces more than 1,000,000 tons of cheeses a year (1994: 1,541,000 tons), which are distributed under approximately 400 trademarks. National monitoring programs carried out since 1976 in order to control the domestic production of raw milk have been shown to be very effective, since almost none of the milk produced has exceeded the French tolerance level of 0.050 Ilg of AFM j per liter (1) . Nevertheless, in addition to these yearly surveys, more and more dairy manufacturers wish to monitor regu-* Author for correspondence. Tel: 33 1 55762178; Fax: 33 1 55762706. lady the occurrence of AFMj in their final products. For that purpose, reliable methods to determine the possible contamination of cheeses are necessary.
In previous studies, the effectiveness of immunoaffinity columns for extracting AFMj from naturally contaminated and spiked cheeses was demonstrated (5) and confirmed (2) . In this report, an application of the immunoaffinity methodology to a wide variety of cheeses is described. In addition, a limited survey on the occurrence of AFM j in cheeses has been undertaken over the last 6 years and the data are also presented here.
MATERIALS AND METHODS

Cheese samples
For spiking experiments, various kinds of cheeses (cottagelike, ripened, blue, hard, and spiced cheeses) were chosen and obtained from the retail market. For the survey, samples for routine analysis came directly from dairy manufacturers from 1990 to mid-1995. Part of this survey was accomplished with the help of one French veterinary laboratory from Calvados. This laboratory belongs to the French network of laboratories involved in the national monitoring program for aflatoxin M1 for which proficiency testing is organized by the authors' laboratory each year.
Determination of AFMj in cheese
Before 1992, the analysis of AFM1 in surveyed cheeses was conducted as follows. AFM1 was extracted from samples with chloroform followed by a cleanup through silica-gel columns. The AFM1 contents were then measured with a high-pressure liquid chromatography (HPLC) system, the detector being a fluorometer (3) .
After 1992, for routine analysis and for spiking experiments, the method used was as previously described (2) . Briefly, AFMj was extracted by mixing roughly cut samples of cheeses with dichloromethane. The extracts were then evaporated and the residues suspended in methanol and water. After washing with n-hexane to eliminate fats, the aqueous phases were passed through immunoaffinity columns (AflaPrep M, Rhone Poulenc Diagnos-DRAGACCI AND FREMY tics) following the manufacturer's instructions. The acetonitrile eluates were then analyzed with an HPLC connected to a fluorometer according to Tuinstra et al. (8) . The limit of detection was 0.010 f!g of AFMj per kg of cheese. For quantification, a 0.050 to 0.500 ng of AFMj calibration curve was used. The chromatograms were very clear with few extraneous peaks, which improves the accuracy and precision of the assays.
Spiking procedure
Samples were spiked by mixing them with a known volume of standard AFMj solution previously diluted in acetonitrile plus water (1 ;3). The spiking amount was chosen at a level of 0.200 f!g of AFMj per kg of cheese to mimic the possible contamination of cheese made from milk contaminated at the tolerance level (i.e., 0.050 f!g/liter).
All assays were made in duplicate.
RESULTS
The efficiency of immunoaffinity cleanup on a wide variety of cheeses was demonstrated. The AFM j levels in various samples before and after spiking (values from blank samples having been subtracted) and the recoveries are shown in Table 1 . Samples are classified as cottage-like, soft, hard, blue, and spiced cheeses. Some of them are from milk of goat or ewe origins. Most of the samples displayed no residual contamination. The recovery rates after spiking at 0.200 !lg AFM/kg were found in a range from 63.1 to 114%, most of them (17 of 22) having a 70 to 100% recovery. No relation between the rates of recovery and the milk origins or the types of cheeses was observed. We only noticed that in cottage-like cheeses or in ripened cheeses, very high recoveries (90 to 100%) with high repeatibility were obtained. This could be due (i) to an easier mixing of these products compared with hard cheeses and (ii) to a more simple matrix compared to that of blue cheeses. Besides, as we have pointed out earlier J2), the way in which the milk proteins were precipitated (during rennet and/or lactic fermentation) to prepare cheeses had no effect on the recovery of extracted AFM I' A 1990 to 1995 limited survey for the occurrence of AFM 1 in cheeses was conducted. Table 2 shows in detail the AFM 1 contents found in cheeses in this survey. In 1990, 3 of 28 samples exhibited an AFM1 level above 0.200 !lg/kg. Since this period, no cheeses had more than 0.060 !lg/kg of AFMj• (7) ; since then, the current immunoaffinity procedure has been used: the limit of detection has been drastically lowered.
DISCUSSION
The use of an immunoaffinity technique to extract AFM[ from many types of cheeses was demonstrated. The scope of the provisional International Dairy Federation (IDF) Standard for the determination of AFM1 in milk using immunoaffinity cleanup might then be extended to other milk products like cheeses. Thus, the full method (immunoaffinity plus HPLC-fluorimetry) (8) could be suitable to monitor milk and milk products for AFM[ as well.
The survey conducted in France between 1990 and 1995 shows that some cheeses may contain significant amounts of AFM,. In 1990, three samples were higher than the value considered by some European countries as the maximum acceptable level for cheeses (i.e., 0.20 to 0.25 !lg/kg) (9) . Indeed, between 1989 and 1992, France was facing some occurrences of AFM[ in raw milk due to the consumption by dairy cattle of imported feed (com-gluten feed) containing an unexpected aflatoxin B[level. In 1989 to 1990, 3% of the monitored French production of raw milk was above the French recommended value (i.e., 0.05 !lg/ liter) (1) . So the contamination of cheeses manufactured in the winter of 1989 to 1990 could be clearly related to that of lactating cows. In the following years, no more contamination at such levels was observed.
This limited survey does not intend to predict the actual occurrence of AFM[ in French cheeses. But, in accordance with other published reports from countries where monitoring for aflatoxin Bl in feed and AFM[ in milk does exist (6, 7, 10) , it seems that the contamination of cheeses by AFM[ did not appear to be a threat to public health at that time. Close attention should still be paid by manufacturers in this field.
